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STATIC STABILITY AND CONTROL EFFECTIVENESS
OF A
PARAMETRIC LAUNCH VEHICLE

By Roger R. Ellis and Mickey Gamble

SUMMARY ‘

The National Aeronautics and Space Administration has established the
general space shuttle launch configuration geometry. However, a continuing
effort is being directed toward improving the launch vehicle aerodynamici.
characteristics. In support of this effort, this investigation was conducted
to determine the static aerodynamic characteristics of a space shuttle para-
metric launch configuration. The orbiter contrbl surfaces were deflected to
obtain the control effectiveness for use in launch vehicle control studies.
Experimental data were obtained for Mach numbers from 0.6 to 4.96, angles of
attack from -10 to +10 degrees and angles of sideslip from -6 to 6 degrees at
zero degrees angle of attack, ‘
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SADSAC
YMBOL SYMBOL
a
Cp cp
M MACH
p
q Q(NSM)
Q(PsF)
RN/L RN/L
v
a ALPHA
B BETA
) PSI
e PHT
p
Ap
b BREF
C.g.
l;REF LREF
C
) SREF
MRP
XMRP
YMRP
7ZMRP
SUBSCRIPTS
b
1
S
t
oo

NOMENCLATURE
General

DEFINITION

speed of sound; m/sec, ft/sec
pressure coefficient; (p; -‘pm)/q
Msch number; V/a

pressure; N/m?, psf

dynaiic pressure; 1/2pV%, N/me, psf

unlt Reynolds number; per m, per ft
velocity;'m/sec, ft/sec

engle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; kg/m3, slugs/ft3

Reference & C.G. Definitions

bese ares; me, ££2
wing span or reference spsn; m, ft
center of gravity

reference length or wing mean
aserodynsmic chord; m, £t

wing sreo or reference ares; m2, £t
moment reference point

moment reference poilnt on X axis
moment reference point on Y axis

moment reference point on Z axis

base

local

static conditions
total conditions
free stresm

[
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NOMENCLATURE (Continued)
Body-Axis System

SADSAC
SYMBOL SYMBOL DEFINITION
Cy CN normel-force coefficient; EEEEEEEEQEEE
: q
Ca CA axiel-force coefficient; Eiiﬂigfgiﬁi
1 q
Cy cY side-force coefficiﬁnt; 5522322235
q
Cay, CAB base-force coefficlent; Eﬂﬁigfgﬁsi
q
-Ay(Pp - Pw)/aS
CAf CAF forebody axisl forcg coefficlent, Cp - CAb
Cn CIM pitching-moment coefficient; Pitching moment
asfppy
Cn CYN yawing-moment coefficient; yawingsgoment
qQ
Cy CBL rolling-moment coefficient; rOlliggbmoment
| |
Stability-Axis System
cr, CL 11ft coefficient; l%g&
Cp CD drag coefficient; drag
L)
\
CDb CDB base-drag coefficient; Eiigggiiﬁ
CDf CDF forebody dreg coefficient; Cp - CDb
Cy cY side-force coefficlent; Eiggaégﬁﬂﬂ
CIM pitching-moment coefficient; Ritching moment
' aS/REF
\ - £ yewing moment
Cn CLN yaving-moment lcoefficien =55
v CSL rolling-moment coefficlent; r°llég% moment
L/D

L/D lift-to-drag ratio; Cr/Cp’
i '



SADSAC
Symbol

XS
ORBINC
GAMZ
PHIS
DIHDRL
ATILRON
ELEVTR
RUDDER
FLAP
DCIMDA

DCN/DA

CIM/CN

CYBETA

NOMENCLATURE (Continued)

(Additions for MSFC Test 544)

Definition
expoéed area, ft2
temperature, °F

longitudinal location of the nose of the solid
rocket motors relative to HO tank nose

orbiter incidence angle relative to HO tank longi-
tudinal §¢;positive when nose up; deg

SRM nozzle position relative to HO tank longitudinal
centerline

radial position of solid rocket motors relative to
the vertical plane, deg

dihedral angle; deg

control surface deflection angle; deg
positive deflections are:

aileron - left aileron tralling edge down
elevator- trailing edge down

rudder -~ trailing edge to the left

flap - trailing edge down

pitching moment coefficient slope, (alpha #5°);
per degree

normal force coefficient slope, (alpha 150);
per degree

longitudinal static stability slope, pitching

moment coefficient slope divided by the normal
force coefficient slope, DCLMDA/DCN/DA

side force coefficlent slope, (beta #5°); per
degree

\J1




NOMENCLATURE ( Contirilued)

(Additions for MSFC Test 5u4kL)

SADSAC f
SYMBOL SYMBOL DEFINITION
OnB ' DCYNDB yawing moment coefficient slope, (beta :1-50); -per
. : degree .
¢y DCBLDB rolling moment coefficient slope, (beta #5°); per
B degree



CONFIGURATIONS INVESTIGATED

The launch configuration consists of the double delta wing orbiter with

one large liquid hydrogen-oxygen tank (HO) and two solid rocket motors (SRM)
underslung beneath the orbiter (see Figure 2). Configuration components in-
vestigated were: '

Symbol

F

01

02

03

Tl

-T2

T3

T4

T5

T6

T7

S1

s2

S3

S4

S5

HO tank vertical fin (S = 1.21 1in?)

baseline orbiter (including the abort solid rocket motors)
baseline orbiter (less abort solid rocket motors) !
baseline orbiter without wings

346-1in. diam. HO tank with 22-deg nosecone (baseline) (with
structural rings)

346~1in. diam. HO tank with 22-deg nosecone and retro rocket
(with structural rings)

346-in. diameter HO tank with 17~deg nosecone (with structural
rings)

346-in. diam. HO tank with 22~-deg nosecone and one body diam.
length extension (with structural rings)

400-in. diam. HO tank with 22~deg. nosecone (with structural
rings)

400-1in. diam. HO tank with 22-deg nosecone and retro rocket
(with structural rings)

Same as Tl without structural rings.
156-in. diam. solid rocket motor with 17-deg nosecone (baseline)

156-in. diam. solid rocket motor with 17-deg nosecone and one body
diameter length extension

156-in. diam. solid rocket motor with skewed nose tangent to HO

tank.

156-in. diam. solid rocket motor with skewed nose turned 180 deg
relative to S3 position

178-in. diam. solid rocket motor with 17-deg nosecone.

. Combinations of these components as they were investigated are shown in

Table 1I entitled Dataset Collations.



TEST FACILITY DESCRIPTION

The MSFC 1k x 14 Inch Trisonic Wind Tunnel is an intermittent blowdown
tunnel which operates by high precsure air flowing from storage to elther
vacuum or atmospheric conditions. A Mach number range from 0.2 to 5.85 is
covered by utilizing two interchangeable test!sections. The transonic sec-
tion permits testing at Mach 2.75 to 5.85. Mﬁch numbers between 0.2 aﬁd 0.9
ure obtained by using a controllable diffuser. The range from 0.95 to 1.3
is wschieved through the use of plenum suctioniand perforated walls. Mach
numbers of 1.46, 1.96 and 2.48 are produced by interchangeable sets of fixed
contour nozzlé blocks. Above Mach 2.48 a setlof fixed contour nozzle blocks
are tilted and translated autometically to préduce any desired Mach number
in 0.25 increments.

Air is supplied to & 6000 cubic foot sto;age tank at approximately ;MOOF
dew point and 500 psi. The compressor 1s a t$ree—stage reciprocating unit
driven by a 1500 hp motor.

The tunnel flow is e;tablished and contr%lled with a servo actuated gate
valve. The controlled air flows through the ?alve diffuser into the stilling
chamber and heat exchanger where the air temperature can be controlled from
ambient to approximately 180°F. The air then}pasées through the test section
which contains the nozzle blocks and test reglon.

Downstream of the test section is a hydréulically controlled pitch sec-
tor thétvprovides a total éngle of attack range of 20° (thO). Sting offsets
and extensions are available for obtaining varioué maximum angles of attack

I
up to 900, '

o



MODEL DESCRIPTION

The model geometry is specified in Figs. 3 through 8. The SRM boosters
and HO tanks are constructed of aluminum. The orbiter wing and body are alumi-
num and the elevons, fins and rudder flares are 17-4 PH stainless steel. The
launch configuration has a complete build-up and parametric capability (SRM
and HO tank nose shape, body diameter, body length, SRM longitudinal and radial
location, HO tank vertical fin size, and orbiter incidence). 1In addition, the
orbiter control surfaces can be deflected to provide additional control for
the launch configuration. The launch vehicle SRMs and HO tanks were manufac-
tured at MSFC and the orbiter was manufactured at Lockheed Huntsville. All model
components are avallable at the MSFC 14 x l4-inch Wind 'Tunnel facility.

DATA REDUCTION

All model forces and moments were resolved in the body axis system and are
presented in the form of non-dimensional coefficients. Model reference dimen-
sions used in the data reduction are:

Parameter Full Scale Model Scale
Reference Area (Spof) 3420.0 ft2 7.880 in
(Wing Theoretical Area)

Reference Length (lref) 507.0 1in. 2.028 in.
M.A.C.)
Reference Span (bpaf) 1115.0 in. 4.460 1n.

(Wing Span)

Moment Reference Point 840.0 in. 3.360 in.
(MRP) (from base)

9
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Base pressure coefficients were calculated using the following equations:

CAB

o CPBl1 E"Qk(Orbiter base axial force coefficient)
re

Ay

-CPBZ_E_E_ (SRM base axial force coefficient)
ref

CABg

Ay
HO
CAByo = ~CPB3 -

(HO tank base axial force coefficient)
ref

where:

CPBL = (P, - P.)/q
o

CPB2

(Pb - Pm)/q
S

(® - P )/ qv

CPB3 b
HO (avg)

The following combinations of SRM and HO tank required the following base areas
to be used for axial force corrections:

Configuration (in¢) (in4) (in2)
Abo Abs AbHO

T101S1 0.732 0.306 1.504

T101S1

T103S1

T10182

T101S3

T10184

T10185 0.398

T201S1 0.306

T30181

T40151

T50181 2.010

T601S1 2.010

T101S1F 1.504

T1 — - 1.504

25 — — 2.010

T1S1 — 0.306 1.504

T5S1 _— 0.306 2.010

T101 0.732 -— 1.504

T501 0.732 —-— 2.010

2

Note: 8po¢ = 7.880 in” for all configurations.

10
|
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Center of pressure calculations based on body length were made using:

XCP XCG_ _ CIM  Ref

= )
jLbody ' Qbody CN body

" where
QRef = 2,028 inches for all configurations.

The values of Zbody and XCG varied with configurations and are:

TANK CONFIG. XCG
C IG zbody (n.)
(in.)

TL1 7.586 : 4,226
T2 8.124 4.764
T3 8.097 4.737
T4 8.970 5.610
T5 7.853 4.493
Té6 8.396 5.036
T7 7.586 4.226

Data was corrected for tunnel flow angularities, weight tares, and sting
deflections.

11
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TABLE I.

TEST CONDITIONS
TEST TWT 544

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
0.60 5.0 x 100 4.3 100
0.90 6.3 7.4 100
1,10 6.6 8.7 100
1,20 6.1 8.3 100
1.30 6.0 8.6 100
1.46 6.5 9.5 100
1.96 7.0 10.2 100
3.50 6.3 6.9 140
4.96 4.8 2.7 140
BALANCE UTILIZED: MSFC 232
COEFFICIENT
CAPACITY ACCURACY : TOLE :
RAN%% = 9.2 1b/in?)
NF 300 lbs +1.5 1bs +0.0207
SF _143 1lbs . s FU. 0099
AF 50 1lbs +0.25 1bs =FTOU3ST—
PM n-lbs 533.56 Tn—TEs ”dip.OIJb
YM 192 in-1bs 4+0.96 in-1bs "+ 0.0030
RM 100 in-1bs +0.50 in-1bs + 0.0016
COMMENTS :

NOTE: ACCURACY BASED ON +0.5% OF BALANCE CAPACITY.

13
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TABLE III.
DIMENSIONAL DATA

MODEL COMPONENT: BODY - T1, T2, T3, T7

GENERAL DESCRIPTION: HYDROGEN-OXYGEN TANK (BASELINE DIAMETER) (T2, T3,

SAME BODY WITH ALTERNATE NOSES). T7 SAME AS T1 W/0 STRUCTURAL RINGS.

DRAWING NUMBER

DIMENSION: FULL SCALE MODEL SCALE
Length 1876.75 “in. 7.507 in.
Max Width 346 in. 1.384 in.
Max Depth 346 in. 1.384 in.
Fineness Ratio 5 42 5.42
Area
Max Cross-Sectional 652.95 ft 1.504 in?
Planform --- b~ -
Wetted - ---
Base | 652.95 ft2 1.504 in

1

19



TABLE III. (CONTINUED)
MODEL COMPONENT: BODY - T4

GENERAL DESCRIPTION:  HYDROGEN-OXYGEN TANK (SAME AS T1 WITE 1-CALIBER

BODY EXTENSION)

DRAWING NUMBER

DIMENSION: . FULL SCALE MODEL SCALE
Length | 2222,75 in. 8,891 in,
Max Width 346 An, 1.384 in,
Max Depth , 346 in, 1,384 in,
Fineness Ratio 6.42 6.42
Area
Max Cross-Sectional 652.95 ft2 1.504 in?
Planform — —
Wetted -— ==

Base 652.95 f£t2 1,504 in?




TABLE III. (CONTINUED)

MODEL COMPONENT: BODY . T3, T6

GENERAL DESCRIPTION:  HYDROGEN-OXYGEN TANK (INCREASED DIA,)

(I6 SAME BODY WITH ALTERNATE NOSE)

DRAWING NUMBER

DIMENSION: - . FULL SCALE MODEL SCALE
Length 1876.75 in. 7.507 in,
Max Width 400 4in 1,600 in,
Max Depth 400 in. 1,600 in,
Fineness Ratio L4.69 4. 69
Area
Max Cross-Sectional 872.50 ft?2 2,01 in?
Planform -— ——
Wetted ' —— -

Base 872.50 ft2 2.0] {in2

21



TABLE III. (CONTINUED)

MODEL COMPONENT: BODY

- S1, S3, Sk

GENERAL DESCRIPTION: SOLID ROCKET MOTOR (BASELINE DIA.) (S3, S4 SAME

BODY WITH ALTERNATE NOSE)

DRAWING NUMBER
DIMENSION: -

Length

Max Width

Max Depth

Fineness Ratio

Area
Max Cross-Sectional
Planform
Wetted

Base

FULL SCALE

1743 1in.

156 in.
156 in.

11.17

132.5 ft2

P . L.
————————

132.5 ft2

22

MODEL SCALE -

in.

6.972

0.624

in

0.624

in.

11.17




TABLE III. (CONTINUED)

MODEL COMPONENT: BODY - s2

GENERAL DESCRIPTION: SOLID ROCKET MOTOR (SAME AS S1 WITH 1-CALIBER

EXTENSION)

DRAWING NUMBER

DlMENSION:‘ FULL SCALE MODEL SCALE
Length 158.25 ft 7.596 in.
Max Width | 156 _in. 0.624 in.
Max Depth 156 _in. 0.624 in.
Fineness Ratio 12.17 12.17
Area ‘
Max Cross=-Sectional | _ 132.5 £t 0.306 in?
Planform — —
Wetted : — _—
Base 132.5 ft? 0306 in?
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TABLE III. (CONTINUED)

MODEL COMPONENT: BODY - S5

GENERAL DESCRIPTION: SOLID ROCKET MOTOR (INCREASED DIAMETER)

DRAWING NUMBER

. DIMENSION: FULL SCALE MODEL SCALE
Length ' 1743 in. 6.972 in.
Maox Width : 178 in. 0.712 in.
Max Depth 178 in. 0.712 4in.
Fineness Ratio 9.79 9.79
Area |
Mox Cross-Sectional 172.73 ft2 0.398 in?
Planform == ——
Wetted A : — o
Base 172.73 ft? 0.398 in?
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TABLE III. (CONTINUED)

MODEL COMPONENT: BODY - Bl

GENERAL DESCRIPTION: BASIC BODY FOR 01, 02 & 03

DRAWING NUMBER

DIMENSION:

Length
" Max Width (P.L. BAY/REAR END)
Max Depth
Fineness Ratio (LENGTH/P.L. BAY)
Area
Max Cross~Sectional
Planform
Wetted

Base (PROJECTED)

25

FULL SCALE MODEL SCALE
(0.004)
1315 in. 5.260 in.
208/220 in. 0.832/0.880 in.
235 in. 0.940 in. '
6.32 6.32
6250 ft2 14.40 in
317.7 £t2 0.732 1in?




TABLE III.

MODEL COMPONENT: W4

(CONTINUED)

GENERAL DESCRIPTION:

WING (INCLUDING GLOVE) FOR 0l & 02

DRAWING NUMBER:

DIMENSIONS :
TOTAL DATA
Area '
Planform BASIC/GLOVE
Wetted BASIC/GLOVE

Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge BASIC/GLOVE
Trailing Edge
0.25 Element Line
Chords:
Root 2Wing Sta. 0.0) BASIC/GLOVE
Tip, (equivalent) -
MAC  (BASIC)
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
Tip
EXPOSED DATA

Area (BASIC/GLOVE
Span, (equivalent)
Aspect Ratio
Taper Ratio

Chords

Root BASIC/GLOVE
Tip

MAC

Fus. Sta. of .25 MAC
H.P. of .25 HAC

B.L. of .25 MAC

FULL~-SCALE MODEL SCALE
(0.004)

3 2 7 2
49255819 ftE 11.34751.887 132
1115 in. 4,460 din.
2.0/1.9 2.0/1.9
Q.20/0,10 ~0.20/0,10
Y A —_—

1.5° 1.5°
350 :750 350!250
=19.6° =19.6°
736/72Q in. 2.944/2.880 in.
—~d4l dn.. 0.388 in.
507 in. 2.028 in.
217 in. 0.868 in.
0008-64 0008-64 .
0008-64 0008-64

1218,59/162,55 £t2 2,806/0.374 in?
453.5 in. _1.814 din.

626.82/404-74 in. 2 -8Q%fibd9—in.
—{.388 in.

NASA-MSFC-MAF

T e ommpen -



~ MODEL COMPONENT:

TABLE III.

"W TAIL STABILIZER

(CONTINUED)

GENERAL DESCRIPTION: ORBITER (THE _FOLLOWING DIMENSIONS ARE REPRESENTATIVE OF

THE TWO VERTICAL STABILIZERS) i.e., PER SIDE (FOR 01, 02 & 03)

DRAWING NUMBER:

DIMENSIONS :
TOTAL DATA

Area
Planform
Wetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords: ‘
Root gwing Sta. 0.0)
Tip, (equivalent)
MAC '

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
Tip
EXPOSED DATA.

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
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FULL-SCALE

525 £t

MODEL SCALE

5° WEDGE (60/40) 5°_WEDGE_(6Q/40)
5° WEDGE_(60/40) 5°_WEDGE (60/40)

250 £t2
0 in.

i

230 in.
80 in.

l

‘

\

\

\

0.576 in?

. in
T
N -

0.920 in.
0.320 in.



FIGURE
1

2

TABLE IV.
INDEX OF MODEL FIGURES
DESCRIPTION
Axis System
Cross Section of the MSFC 14 x 1l4-Inch Trisonic Wind Tunnel
Baseline Launch Vehicle

156-Inch Solid Rocket Motor with Standard and Skewed Noses
and One-Body Diameter Extension '

178-Inch Solid Rocket Motor

346-Inch HO Tank with Three Alternate Noses and One-Body
Diameter Extension

400-Inch HO Tank with Two Alternate Noses
HO Tank Ventral Fin

Photograph of Oblique Side View of Configuration T10:154
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37

38
39
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TABLE V.,

INDEX OF DATA FIGURES

Plotted
Coefficients Conditions
Title Schedule Varying Pages

Configuration Build-Up (Longitudinal Characterlstlcs) (a) Configuration 1-54
(Baseline HO Tank) MACH
Configuration Build-Up (Lateral-Directional (B) Configuration 55-72
Characteristics) (Baseline HO Tank) MACH
Configuration Build-Up (Longitudinal Characteristics) a) Configuration 73-108
(Alternate HO Tank) MACH
Configuration Build-Up (Lateral-Directional (B) Configuration 109-126
Characteristics) (Alternate HO Tank) MACH-
Effect of Orbiter Incidence on Longitudinal (A) ORBINC 127-162
Characteristics (PHIS = 75 Deg) MACH
Effect of Orbiter Incidence on Longitudinal (A) ORBINC 163-204
Characteristics (PHIS = 90 Deg) - MACH
Effect of Orbiter Incidence on Longitudinal a) ORBINC 205-246
Characteristics (PHIS 135 Deg) MACH
Effect of SRM Radial Position on Baseline HO Tank (A) PHIS 247-270
(ORBINC = O Deg) MACH
Effect of SRM Radial Position on Baseline HO Tank (A) PHIS 271-324
(ORBINC = -1.5 Deg) MACH
Effect of SRM Radial Position on Basellne HO Tank (A) PHIS 325-348
(ORBINC = -3.0 Deg) MACH '
Effect of SRM Radial Position on Baseline HO Tank (B) PHIS 349-366
(ORBINC = -1.5 Deg) MACH '
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TABLE V. (continued)

Plotted
Coefficients Conditions
Title Schedule Varying Pages

Effect of SRM Longitudinal Position (PHIS = 75 Deg) a) XS 367-390
MACH

Effect of SRM Longitudinal Position (PHIS 90 Deg) (A) XS 391-414
MACH

Effect of SRM Longitudinal Position (PHIS = 135 Deg) (a) XS 415-438
MACH

Effect of SRM Longitudinal Position (PHIS 75 Deg) (B) XS 439-450
MACH_

Effect of SRM Longitudinal Position (PHIS = 90 Deg) (B) XS 451~-462
MACH

Effect of SRM Longitudinal Position (PHIS 135 Deg) (B) XS 463-474
MACH

Effect of Baseline HO Tank Nose Shape (a) Configuration 475-498
MACH

(B) 499-510

Effect of HO Tank Nose Shape and Diameter a) Configuration 511-546
MACH

(3) 547-564

Effect of Baseline HO Tank Length a) , Configuration 565-600
MACH

(B) 601-618
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TABLE V, (continued)

Plotted
Coefficients - Conditions
Title Schedule Varying- Pages
Effect of SRM Nose Shape and Length 4 Configuration 619-642
MACH
(B) 643-654
Effect of HO Tank Verticle Fin and SRM Nozzle Position (a) Configuration 655-690
MACH
(c) 691-696
(B) 697-714
01)) 715-720
Effect of SRM Diameter (PHIS = 75 Deg) a) Configuration 721-744
MACH
Effect of SRM Diameter (PHIS = 90 Deg) (A) Configuration 745-768
: MACH
Effect of SRM Diameter (PHIS = 135 Deg) (A) Configuration 769-792
MACH
Effect of SRM Diameter (PHIS = 75 Deg) (B) Configuration 793-804
MACH
Effect of SRM Nozzle Position with Alternate HO Tank (A) GAMZ 805-816
MACH
©) ' 817-818
(B) 819-824
) (» 825-826
Effect of SRM Nozzle Position with Skewed Noses A _(A) Configuration 827-832
' » GAMZ . '
(©) 833
- (B) 834-836
(D) 837
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TABLE V. (continued)

MACH

Plotted
Coefficients Conditions
Title Schedule Varying Pages
Effect of SRM Nozzle Position with Longer SRM (4) GAMZ 838-849
' MACH
(c) 850-851
(B) 852-857
(D) 858-859
Effect of Orbiter Elevons (with Abort SRMS) (A) ELEVTR 860-877
(PHIS = 75 Deg) MACH ‘
Effect of Orbiter Elevons (with Abort SRMS) (A) ELEVIR 878-895
(PHIS = 90 Deg) MACH
Effect of Orbiter Elevons (with Abort SRMS) A ELEVTR 896-913
(PHIS = 135) : MACH
Effect of Orbiter Elevons (with Abort SRMS) (B) ELEVTR 914-922
(PHIS = 75 Deg) MACH
Effect of Orbiter Elevons (without Abort SRMS) (A) ELEVTR 923-946
(PHIS = 75 Deg) v MACH
Comparison of Fin and Rudder (A) Configuration 947-976
RUDDER
MACH
(B) 977-991
Effect of Orbiter Wing Off a) Configuration 992-1015
MACH
Effect of Structural Rings on Baseline HO Tank (A) Configuration 1016-1033




TABLE V. (continued)

Plotted
Coefficients Conditions
Title Schedule Varying Pages
Baseline Configuration Build-up (MACH Number Effects) (E) Configuration 1034
- (F) 1035
Alternate HO Tank Configuration Build-up (MACH Number (E). Configuration 1036
Effects) (F) 1037
Baseline HO Tank Nose Shape and Length (MACH Number (E) Configuration 1038
Effects) (F) 1039
Baseline SRM Nose Shape, Length, and Diameter (MACH (E) Configuration 1040
Number Effects) (F) 1041
SRM Longitudinal Position (MACH Number Effects) (E) XS 1042
(F) 1043
SRM Radial Position (MACH Number Effects) (E) PHIS 1044
6] 1045
Orbiter Incidence (MACH Number Effects) (E) ORBINC 1046

PLOTTED COEFFICIENTS SCHEDULE

aA) CLM, CN, CA, CAF, CAB versus ALPHA
CN versus CLM

(B3) CBL, CYN, CY versus BETA
©) CY, CYN, CBL versus ALPHA

(D) CLM, CN, CA versus BETA

(E)
(F)

CIM/CN, DCN/DA, DCIMDA versus MACH

CYBETA, DCYNDB, DCBLDB versus MACH

33



Notes:

l. Positive directions of force coefficients
moment coefficients, and angles are
indicated by arrows.

2. For clarity, origins of wind and stability
axes iiave been displaced from the center
of gravity.

Figure 1. Axis systems, showing direction and sense of force and
moment coefficients, angle of attack, and sideslip angle

NASA-MSEC-MAP
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Fig. 2 - Cross Section. of the MSFC 14 x 14-Inch Trisonic Wind Tunnel
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Note: All dimensions in
inches (model scale)

Fig.3 - Baseline Launch Vehicle



1‘001-.‘_}_ Note: All dimensions in inches (model scale)

.624
32° (ref) "\,
.024R ' . 332R
One-body diameter removable section 624
¢ J e
' - L610 -
6.012 >
7.637 >
16°4ﬂ

.242 .600
LIy o

Engine Nozzle

Fig. 4 - 156-Inch Solid Rocket Motor with Standard and Skewed Noses and One-Body Diameter Extension .
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Note: All dimensions in inches (model écale)

.480 —3=|

712

38

.124R

5.600

Fig. 5 - 178-Inch Solid Rocket Motor




Note: All dimensions in inches (model scale)

/ - _f

N o ‘
22° 1 | 1160 22 t
1.384 25° 1.384
) ' -Ol .657 ‘
048R Y .048R R i
1.634 ——p 2.172 ——p

One-body diameter removable section

A

39

v 4
|
|
|
| 1.384
|
1
_______ L Y
e 2,145 ————> L 5.952

- 9.481

Fig. 6- 346-Inch HO Tank with Three Alternate Noses and One-Body Diameter Extension



Note: All dimensions in

inches (model scale) i
1.600

v
o
=t

.048R
22°
1.600
e 1,90 ] ==z~ 5.952

Fig. 7 - 400-Inch HO Tank with Two Alternate Noses



Note: All dimensions in inches (model scale)

——I' - — 321 . . 056
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Fig. 8- HO Tank Ventral Fin
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DATA FIGURES

Tebulations of the plotted data and corresponding
source data are available from SADSAC Operatlons.



.CUNFIGURATION BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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ANGLE OF ATTACK., ALPHA, DEGREES
DATA SET SYMEOL CONFIGURATION DESCRIPTION CRBINC PHIS XS ELEVTIR - REFERENCE INFORMATION
(e71080) g MSFC TWT 544 LAUNCH VEHICLE STUDIES  T1 8REF 7.8800 sa. IN
(B71070) . MSFC TWT 344 LAUNCH VEHICLE STUOIES TSI 75.000 0.000 LREF 2.0280. IN.
(871072 MSFC TWT 544 LAUNCH VEHICLE STUDIES 101 -1,300 0.000 BREF 4.,46800 ° IN,
(871002 ) MSFC TWT 344 LAUNCH VEHICLE STUDIES  T101st Z1.500 75.000 0,000 0.000 XMRP 33600 1IN,
YMRP 0.0000 1IN,
ZHRP 0.2480  IN.
SCALE 0.0040  SCALE

'MACH .60 | PAGE



CUNFIGURATION BUILD-UP CLONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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DATA SET SYMBOL  CONFIGURATION DESCRIPTION ORBINC  PHLS xs ELEVTR REFERENCE INFORMATION
(B71080) g MSFC TWT 544 LAUNCH VEHICLE STUDIES T1 : SREF 7.8800 ° sq. IN
(871070) MSFC TWT 544 LAUNCH VEMICLE STUDIES  Tisl 75.000 0.000 LREF 2.0280 [N,
(871072) MSFC TWT 348 LAUNCH VEMICLE STUDIES  T101 -1.500 0.000 BREF 4.4600 IN
(871002) MSFC TWT 544 LAUNCH VEHICLE STUDIES Ti10O1 81 -1.5%500 75.000 0.000 0.000 XMRR P 3.36800 IN.
’ YMRP 0.0000 IN.
ZMRP a.2480 IN
SCALE 0.0040 SCALE
MACH .91 ’ , PAGE 2
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CUNFIGURATIUN BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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CLM

PITCHING MOMENT COEFFICIENT,

DATA SET
(871080)
(871070
(eria72)
t871002)

CUNF]GURATIUN BUILD-UP (LONGITUDINAL CHARACT

[ERISTICS) (BASELINE HO TANK)
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LIRS

_CUNFIGUR?\TIUN BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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CGNFIGURATION BUILO-UP C(LONGITUDINAL

CHARACTERISTICS) (BASELINE HO TANK)
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CUNFIGURATION BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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CONF IGURATION UP (LONGITUDINAL CHARACTERISTICS) (BASE

LINE HO TANK)
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CONFIGURAT!UN BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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°CPNFIGURATIGN BUILD-UP CLONGITUDINAL FHQRAQTEBISTICS] (BASELINE HO TANK)
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ZMRP 0.,2480 IN.
SCALE 00,0040 SCALE
MACH 1.94 PAGE 43



CUNFIGURATION BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HG TANK)
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DATA SET SYMBOL  CONFIGURATICON DESCRIPTION ORBINC  PHIS Xs ELEVTR REFERENCE INFORMATION
(B71080) g MSFC TWT 544 LAUNCH VEHICLE STUDIES Ti SREF 7.6800  sa. IN
(871070) MSFC TWT 344 LAUNCH VEHICLE STUDIES  Tisi 75,000 0.000 LREF 2.0280  IN.
(871072) MSFC TWT 544 LAUNCH VEWICLE STUDIES  Ti01 -1.500 : 0.000 BREF 4.4600 (N,
(B871002) MSFC TWT 544 LAUNCH VEMICLE STUDIES  T191s1 -1.500 75.000 0,000 0.000 XMRP 3.3600 IN.
YMRP 0.0000  N.
ZMRP 0.2480  IN.
8CALE 0.0040  SCALE

MACH 3.48

PAGE 44



CONFIGURATIUN BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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DATA SET SYMEOL CONFIGURATION DESCRIPTICN - CRBINC  PHIS Xx$s ELEVTR REFERENCE INFORMATION
(871080) R MSFC TWT 8544 LAUNCH VEHICLE STUDIES 71 SREF 7.8800 sQ. IN
(B71070) MSFC TWT 544 LAUNCH VEHICLE STUDIES 7181 75.000 a.000 LREF 2,0280 IN.
(871072) MSFC TWT 344 LAUNCH VEHICLE STUDIES 1108 -1.3500 0.000 BREF 4.4600 IN.
(871002) MSFC TWT 544 LAUNCH VEMICLE STUDIES TiO1818 ~-1.500 75,000 0.000 0.000 XMRP 3.3600 IN.
YMRP 0.0000 IN,
ZMRP 0,.2480 IN.
SCALE 0.0040 SCALE

MACH 4.86 . PAGE 45



CONFIGURATION BUILD-UP CLONGITUDINAL CHARACTERISTICS) (BASELINE HOG TANK)
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-.2
CLM

ELEVTR

-3

LAUNCH VEHICLE STUDIES T1
Ti81
Ti04
Tioist

SREF
LREF
BREF
XMRP
YMRP
ZMRP
SCALE
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REFERENCE
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INFORMATION
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G.0040
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CUNFIGURATIUN BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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DATA SET SYMpoL  CONFIGURATION DESCRIPTION _ ORBINC  PHIS xs ELEVIR  REFERENCE INFORMATION
«871080) E; MSFC TWT 544 LAUNCH VEHICLE STUDIES T1 : SREF 7.8600  sa.
(B74070) MSFC TWT 544 LAUNCH VEHICLE STUDIES  Tis1 7s.000 0,000 LREF 2.0280 1IN,
(B71072) MSFC TWT 544 LAUNCH VEHICLE STUDIES  T101 . -1.500 0.000 BREF 4.4600 [N,
(871002) MSFC TWT 544 LAUNCH VEHICLE STUDIES  T101s1 -1.500 75,000 0.000 0.000 XMRP 3.3600 ° IN.
_ YHRP 0.0000 (N.
2ZMRP 0.2480 IN.

SCALE 0.0040  SCALE

MACH «91 PAGE 47



CUNFIGURATION BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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DAYA SET sSYMBOL CONFIGURATION DESCRIPTICN ORBINC PHIS X3 - ELEVTR REFERENCE INFORMATION
(871080) g DATA NOT AVAILABLE FOR ALL CONDITICNS SREF 7.8800 8Q. IN
(871070) DATA NOT AVAILABLE FOR ALL CONDITIONS 73.000 0.000 LREF 2,0280 iN,
(871072) DATA NOT AVAILABLE FOR ALL CONDITIONS -1,500 0.000 BREF 4.4600 IN.
(871002) MSFC TWT $44 LAUNCH VEHICLE STUDIES T10181 -1,300 73,000 0,000 0.000 XMRP 3
YMRP -] .
ZMRP 0.2480 iN.
SCALE [+]
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CUNFIGURAHON BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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DATA SET SYMEcl CONFIGURATION DESCRIPTICN ORBINC  PH!S Xs ELEVTR REFERENCE INFORMATION

(B71080) R MSFC TWT 544 LAUNCH VEHICLE STUDIES T . SREF 7.8800 8Q. IN
(671070) MSFC TWTY 544 LAUNCH VEHICLE STUDIES  T1s1 75.000 0.000 LREF 2.0280 IN.
(871072 MSFC TWT 3544 LAUNCH VEMICLE STUDIES Ti01 -1.500 0.000 BREF 4.4600 IN.
(871002) MSFC TWT 344 LAUNCH VEHICLE STUDIES T10181 ~-1,500 75.000 0.000 0.000 XMR P 33,3600 tN.
. YMRP 0.0000 IN.
IMRP 00,2480 IN.

SCALE 0.0040 SCALE
MACH 1.20 : ‘ PAGE 49




CONFIGURATION BUILD-UP CLONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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(871080 g OATA NOT AVAILABLE FOR ALL CONDITIONS SREF 7.8600 sa. 1IN
(871070) DATA NOY AVAILABLE FOR ALL CONDITIONS 75.000 0.0u0 LREF 2.0200 IN.
(B71072) DATA NOT AVAILABLE FOR ALL CONDITIONS -1.%00 0.000 BREF 4,4600 IN.
(871002) MSFC TWT 344 LAUNCH VEHICLE STUDIES Ti0181 -1.50 7s%.000 0.000 0.000 XMRP 3.3600 IN.
YMRP 0.,0000 IN.
ZMRP 0,2480 IN,
SCALE 0.0040 SCALE

MACH 1.30 PAGE S0




CUNFIGURATIGN BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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(271080) R DATA NOT AVAILABLE FCR ALL CONDITIONS SREF 7.8800 Sa. IN
(1271070 DATA NOT AVAILABLE FCR ALL CONDITICONS 75.000 0,000 LREF 2.0280 IN.
(B71072) DATA NOT AVAILABLE FOR ALL CONDITIONS -1.,500 0.000 BREF 4,4600 IN,
(£71002) usrc TWT 544 LAUNCH VEHICLE STUDIES  T101S1 -1,.500 75.000 0.000 0,000 XMRP 3.36800 TN,
YMRP 0.,0000 N,
ZMRP 0.2480 IN.

SCALE 0.0040 SCALE

MACH 1.45 PAGE 51




CONFIGURA1ION BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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DATA SET SYMDOL  CONFIGURATICN DESCRIPTION ORBINC PHIS Xs ELEVTR REFERENCE INFORMAT[ON
(871080) 8 MSFC TWT 544 LAUNCH VEHICLE STUDIES T1 SREF 7.8800 Sa, IN
(271070} MSFC TWT 544 LAUNCH VEHICLE STUDIES  Tis1 75,000 0.000 LREF 2.0280 (N,
(B71072) MSFC TWT 344 LAUNCH VEMICLE STUDIES  Ti0i -1.500 0.000 BREF 4.4600  IN
(871002) MSFC TWT 544 LAUNCH VEHICLE STUDIES  T101s1 -1.%500 75,000 ©0.000 0.000 XMRP 3.3600 IN.
. YMRP 0.0000 - N,
ZMRP 0.2480 1IN
SCALE 0.0040  SCALE

MACH 1.94 PAGE 52




CUNFIGURATION BUILD-UP (LONGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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CONFIGURATION DESCRIPTION
MSFC TWT 544 LAUNCH VEHICLE
MSFC TWT 544 LAUNCH VEHICLE
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REFERENCE INFORMATUION
SREF 7.8800 8Q. IN
LREF 2.0280 IN,
BREF 4
XMRP 3. .
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SCALE -]




- e

CUNFIGURATIUN BUILD-UP (LUNGITUDINAL CHARACTERISTICS) (BASELINE HO TANK)
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DATA SET SYMBOL CONF {GURATICN DESCRIPTION CRBINC PHIS XS ELEVTR REFERENCE INFORMATION
€B71080) g MSFC TWT 344 LAUNCH VEHICLE STUDIES T1 SREF 7.8800 8G. IN
(871070 MSFC TWT 3544 LAUNCH VEHICLE STUDIES Tis1 75.000 0.000 LREF 2.0280 IN,
(B871072) MSFC TWT 344 LAUNCH VEHICLE STUDIES 101 ~1.500 0.000 BREF 4.4600 N,
t@8?7io02) MSFC TWT 544 LAUNCH VEHICLE STUDIES Ti0181 -1.%50 75,000 0.000 0.000 XMRP 3.3600 IN.
YMRP 0.0000 IN.
ZMRP . 0.2480 IN,
SCALE 0.0040 S8CALE

MACH 4.96 PAGE 54



.CONFIGURATION BUILD-UP C(LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK)
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIPTION CRBINC  PHIS Xs ELEVTR REFERENCE INFORMATION
(A71071) g MSFC TWT 544 LAUNCH VEHICLE STUDIES  T1S1 75.000 ©0.000 SREF 7.8500 sa. IN
(A71073) MSFC TWT 544 LAUNCH VEHICLE STUDIES T141 ~1.500 0.000 LREF 2.0280 1IN,
(A71010) O  MSFC TWT 544 LAUNCH VEHICLE STUDIES  T101s1 -1,500 75.000 0©.000 0.000 BREF 4.4600 1IN,
XMRP 3.3600 IN.
YMRP 0.0000 IN.
ZMRP G.2480 1IN,
8CALE 0.0040 SCALE
MACH .60 PAGE 55



CONFIGURATION BUILD-UP (LATERAL- DIRECTIUNAL CHARACTERISTICS) (BASELINE HO TANK)
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DATA SET SYMBOL  CONFIGURATION DESCRIPTION CRBINC PHIS xS ELEVTR REFERENCE INFORMATION
CaT1071) 52 DATA NOT AVAILABLE FOR ALL COMDITIONS 75,000 0.000 SREF 7.8800  8a. IN
(A71073) DATA NGT AVAILABLE FOR ALL CONDITICNS -1.500 0.000 LREF 2.0280  IN.
14710101 ¢  MSFC TWT 344 LAUNCH VEHICLE STUDIES  TiGtisi -1.800 75,000 0.000 0.000 BREF 4.4600 N,
XMRP 5.3600 N,
YMRP 0.0000  IN.
ZMRP 0.2480 1IN,
SCALE Q.0040 SCALE

MACH .80 PAGE 56



CONF IGURATION BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK)

ROLLING MOMENT COEFFICIENT, CBL (BODY AXIS)
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DATA SET SYMBCL CONFIGURATION DESCRIPTION CRBINC PHIS Xs ELEVTR REFERENCE INFORMATION
(AT3071) MSFC TWT 544 LAUNCH VEHICLE STUDLES 7151 75.000 0,000 SREF 7.8800 8Q. (N
(AT1073) MSFC TWT 544 LAUNCH VEHICLE STUDIES Ti01 -1.500 0.000 LREF 2.,0280 IN.
(A73010) MSFC TWT 544 LAUNCH VEHICLE STUDIES T10181 -1.300 75.000 0.000 0.000 BREF 4.4600 IN,
XMRP 3.3600 N,
YMRP 0.0000 tIN.
IMRP 0.2480 IN.
SCALE 0.0040 8CALE
MACH 1.20 PAGE 57



CONF IGURAT ION BUILD- -UP_CLATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK]
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DATA SET SYMEBOL COMNFIGURATION DESCRIPTICAN CRBINC PHIS xS ELEVTR REFERENCE INFORMATION
(A71071) R MSFC TWT 544 LAUNCH VEHWICLE STUDIES  Tist 75.000 0,000 SREF 7.8800 sa. IN
(A71073) MSFC TWT 544 LAUNCH VEHICLE STUDIES Ti01 ~1.500 0.000 LREF 2.0280 IN.
(AT1030) O MSFC TWT 544 LAUNCH VEWICLE STUDLIES T10151 -1.500 75.000 0.000 0.000 BREF 4.,46800 1IN,
XMRP 3.3600 IN,
YMRP 0.0000 IN,
ZMRP 0.2480 IN,
SCALE ©.0040 8CALE
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CONF IGURATION BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HU TANK)
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71071) DATA NOT AVAILABLE FOR ALL CONDITICNS 75,000 0.000 SREF 7.8600 8a. IN
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CONFIGURATION BUILD-UP CLATERAL- DIRECTIONAL _CHARACTERISTICS) (BASELINE HO TANK)
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(A71071 ) g MSFC TWT 544 LAUNCH VEHICLE STUDIES  T1S1 75.000 0.G00 SREF 7.8800 sa. 1IN
(A71073) MSFC TWT 544 LAUNCH VEMICLE STUDIES  T101 -1.500 '0.000 LREF 2.0260 IN.
(A71010) ¢  MSFC TWT 344 LAUNCH VEHICLE STUDIES  T108s% -1.500 753,000 0.000 0.000 BREF 4.4600  IN.
XMR P 3.3600 IN.
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8CALE 0.0040 SCALE
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CONFIGURATIUN BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK)
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SIDE SLIP ANGLE. BETA., DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIPTICN ORBINC PHIS XS ELEVTR REFERENCE INFORMATION
CA71071) g MSFC TWT 544 LAUNCH VEHICLE STUDIES  T1Si 75.000 0.000 SREF 7.8800 Sa. IN
(A71073) MSFC TWT 544 LAUNCH VEHICLE STUDIES  T101 -1.500 0.000 LREF 2.0280 IN.
(A71010) ¢  MSFC TWT 544 LAUNCH VEHICLE STUDIES  71901si -1.500 75.000 0.000 0.000 BREF 4.4600 IN,
XMRP 3.3600 IN.
YMRP 0.0000 IN.
ZMRP 0,2480  IN.
SCALE 0.0040  SCALE
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.CsﬂNF IGURATION BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS] (BASELINE HG TANK)
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMEL  CONFIGURATION DESCRIPTION ORBINC  PHIS Xs ELEVTR REFERENCE INFGORMATIGN
(A?1071) g DATA NOT AVAILABLE FCR ALL CONDITICNS 75.000 0.000 SREF 7.8800 sa. IN
(A71073) DATA NOT AVAILABLE FGR ALL CONDITIONS -1.500 : 0.000 LREF 2.0280 1N,
(A71010) O  M3SFC TWT 344 LAUNCH VEHICLE STUDIES  Tioisi -1,500 75,000 0.000 0.000 BREF 4.4600 [N,
XMRP 3.3600 [N,
YMRP 0.0000  IN.
ZMRP 0.2480 [N,
8CALE 0.0040  sCALE
MACH =90 PAGE 62
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CONF IGURATION BUILD-UP C(LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK) }':-
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SIDE SLIP ANGLE. BETA., DEGREES
DATA SET SYMBLL CONFIGURATION DESCRIPTION CRBINC PHIS xs ELEVTR REFERENCE INFORMATION
(AT1071) g MSFC TWT 544 LAUNCH VEHICLE STUDIES T1s1 75.000 0.000 SREF 7.8800 8Q. N
(AT1073) MSFC TWT 544 LAUNCHM VEMICLE STUDIES TiO1 -1.500 0.000 LREF 2.0280 IN.
(AT1010) o MSFC TWT 344 LAUNCH VEHICLE STUDIES Ti01381 -1.300 75,000 g.000 0.000 BREF 4.4800 IN.
. XMRP 3.3600 IN.
YMRP 0 .0000 IN,
ZMRP 0.2480 IN,
SCALE 0.0040 S8CALE
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CONFIGURATION BUILD-UP (LATERAL DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK)
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SIDE SLIP ANGLE. BETA, DEGREES
DATA SET SYMBOL CONFIGURATION DESCRIPTION ORBINC PHIS XS ELEVIR REFERENCE INFORMATION
(AT1071) @ MSFC TWT 544 LAUNCH VEHICLE STUDIES A T1s1 75.000 0,000 SREF 7.8800 8Q. IN
CA71073) MSFC TWT 544 LAUNCH VEHICLE STUDIES T101 -1.500 0,000 LREF 2.0280 IN.
(A?1010) [ MSFC TWT 3944 LAUNCH VEHICLE STUDIES 710181 -1.500 75.000 a,000 0.000 BREF 4.4600 IN.
XMRP 3.36800 IN.
YMRP 0.0000 TN,
ZMRP 0.2480 IN.
SCALE 0.0040 sCaLE
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CONFIGURATION BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK)
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SIBDE SLIP ANGLE., BETA. DEGREES
DATA SET syMEeoOL COMNFIGURATION DESCRIPTION ORBINC PHLIS XS ELEVTR REFERENCE INFORMATION
CATI07L) g DATA NOT AVAILABLE FOR ALL CONDITIONS 75,000 0,000 SREF 7.8800 3G, IN
(AT1073) DATA NOT AVAILABLE FOR ALL CONDITICONS -1,.300 .000 LREF 2.0280 IN,
(A71010) O MSFC TWT 544 LAUNCH VEHICLE STUDIES Ti101s1 -1.500 75.000 0.000 .000 BREF 4.4800 IN,
d XMRP 3,3600 IN.
YMRP 0.0000 IN,
ZMRP 0.2480 IN,
SCALE 0.0040 sCaLe
MACH 3.48 PAGE 65



CONF IGURATION BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK)
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' SIDE SLIP ANGLE. BETA, DEGREES
DATA SET syYMBOL CONFIGURATION DESCRIPTION ORBINC PHIS X8 ELEVTR REFERENCE INFORMATION
(AT1071) Q MSFC TWY 544 LAUNCH VEHICLE STUDIES  Tist 75.000 o.000 SREF 7.6600 8@, IN
CA71073) MSFC TWT 544 LAUNCH VEMICLE STUDIES  TiCt ~1.300 0.000 LREF 2.0280 N,
4471010) ¢  MSFC TWT 544 LAUNCH VEHICLE STUDIES  T10181 -1.500 75.000 0.000 0.000 BREF 4,4600 N,
’ : XMRP 3.3600 N,
YMRP 0.0000 1N,
ZMRP 0.2480 IN.
SCALE 0.,0040 gCALE
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CUNFIGURATIUN BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK)
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OATA SET SYMBOL CONFIGURATION DESCRIPTION ORBINC  PHIS xs ELEVTR REFERENCE INFORMATION

(AT1073) g MSFC TWY 544 LAUNCH VEMICLE STUDIES Tis1 75,000 0.000 SREF .8800 8Q. IN
(AT1073) MSFC TWT 544 LAUNCH VEHICLE STUDIES T104 ~-1.500 0.000 LREF .0280 IN.
(A71010) [ MSFC TWT 3544 LAUNCH VEHICLE STUDIES Ti0181 ~1.500 75.000 0.000 0.000 BREF . 4600 IN.
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CONFIGURATIUN BUILD-UP (LATERAL DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK]
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SIDE SLIP ANGLE., BETA, DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIPTION ORBINC  PH1S xs ELEVTR REFERENCE INFORMATION
(A71071) MSFC TWT 344 LAUNCH VEHICLE STUDIES  T1S1 75.000 0.000 SREF 7.6800 8a. IN
CA71073) MSFC TWT 544 LAUNCH VEHICLE STUDIES  Tio1 -1.50 0.000 LREF 2.0280  IN.
(A71010) ¢ MSFC TWT 344 LAUNCH VEWICLE STUDIES  Ti01si -1. soo 75.000 ©.000 0.000 BREF 4.4600  IN.
XMRP 3.3600 IN,
YMRP 0.0000 IN.
ZMRP 0.2400 [N,
SCALE 0.0040  SCALE
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CUNF IGURATION BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HG TANK]

LI L 4 LA LENLARELS vr v LA LR B A L AN A y ¥ ¥ LN Sl L S B 2 v r 1 LN J LA N 4 L N e 4
P
=3
L
.8
L
N
L
L
8
5
L
-
L
A
8
-
L
L
[
3
o
ud
L
[
2 N

j

/
;

//
/
/

LATERAL FORCE COEFFICIENT, CY

LSRR

LER LA §

) T~

- 0 _
C ;
-.8 —
C
-.6 _
§
C :
~Xia -12 ~10 -8 -8 - 4 -z o 2 4 8 8 10 12 1
SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBEL  CONFIGURATION DESCRIPTION CRBINC PHIS xs ELEVIR REFERENCE INFORMATION
(A71071) Eg M3FC TWT 544 LAUNCH VEMICLE STUDIES  Tis1 75.000 0.000 SREF 7.8000 8a. IN
(AT1073) MSFC TWT 544 LAUNCH VEMICLE STUDIES  Tiet . -1.500 0.000 LREF 2.0260 1IN,
(A71010) ¢ MSFC TWT 544 LAUNCH VEMICLE STUDIES  Tio1si -1.500 75.000 0.000 0,000 BREF 4.4600  IN.
XMRP 3.3600  IN,
YMRP 0.0000 N,
ZMRP 0.2480 IN.
8CALE 0.0040  8CALE
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CUNFIGURATIGN BUILD-UP (LATERAL-DIRECTIONAL CHARACTERISTICS) (BASELINE HO TANK)
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMECA CONFIGURATION DESCRIPTION q!BINC PHIS X8 ELEVTR REFERENCE INFORMATION
(AT1071) g DATA NOT AVAILABLE FOR ALL CONDITIGONS 75 .000 0.000 SREF 7.8800 8SG. IN
(A71073) DATA NOT AVAILABLE FOR ALL CONDITIANS -1.500 0,000 LREF 2.0280  1IN.
(A71010) ¢ MSFC TWT 544 LAUNCH VEMICLE STUDIES  T101st ~1.500 75.000 ©0.000 0.000 BREF 4.4600  IN.
XMR# 3.3600 1IN,
YMRP 0.0000  IN.
ZMRP 0.2480  IN.
SCALE 0.0040 SCALE -
MACH 3.48 PAGE 71
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CUNFIGURATION BUILD UP (LATERAL-DIRECTIONAL CHARACTERlSTICS] (BASELINE HO TANK)
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SIDE SLIP ANGLE. BETA, DEGREES
DATA SET SYMECA CONFIGURATION DESCRIPTION CRBINC PHIS Xs ELEVTR REFERENCE INFORMATION
CAT1071) g MSFC TWT 544 LAUNCH VEHICLE STUDIES Tis1 75.000 0.000 SREF 7.8800 8Q. IN
CA71073) MIFC TWT 344 LAUNCH VEMICLE STUDIES T101 -1.500 0,000 LREF 2.0280 IN.
¢AT1010) o MIFC TWT S44 LAUNCH VEHICLE STUDIES Tioist -1.%00 73.000 0,000 0.000 BREF 4,4600 IN.
XMRP 3.3800 IN.
YMRP 0.0000 IN.
ZMRP 0.2480 IN.
SCALE 0.0040 8CALE
MACH 4.96 PAGE 72



CUNFIGURATIUN BUILD-UP (LONGITUDINAL CHARACTERISTICS) (ALTERNATE HO TANK)
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ANGLE OF ATTACK. ALPHA, DEGREES
DATA SET SYMBOL CONFIGURATION DESCRIPTION ' ORBINC PHLS XS ELEVTR REFERENCE INFORMATION
(871074) g MSFC TWT 544 LAUNCH VEHICLE STUDIES T5 SREF 7.8800 8a. IN
(B71075) MSFC TWT 344 LAUNCH VEHICLE STUDIES T581 75.000 0.000 LREF 2.02a0 IN.
(B73077) MSFC TWT 344 LAUNCH VEHICLE STUDIES 7301 -1 .500 0.000 BREF 4,4600 IN,
(B73047) MSFC TWT 344 LAUNCH VEHICLE STUDLES 50181 ~1,500 75.000 0.000 0.000 XMRP 3.3600 IN.,
YMRP 0.0000 IN.
IMRP 0.2460 IN.
SCALE 00,0040 SCALE
MACH .60 PAGE 73
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"CUNFYlgiURATIUN BUILD-UP (LONGITUDINAL CHARACTERIST'I(;S) (ALTERNATE HO TANK)
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ANGLE OF ATTACK., ALPHA. DEGREES
DATA SETY sYMBGL CONFIGURATION DESCRIPTICN ORBINC PHIS xs ELEVTR REFERENCE INFORMATYICN
(B871074) g MSFC TWT 844 LAUNCH VEHICLE STUDIES 15 SREF 7.8800 8Q. IN
(B871073) MSFC TWT 3544 LAUNCH VEHICLE STUDIES 7381 73.000 0.000 LREF 2.0260 IN.
(B71077) MSFC TWT 544 LAUNCH VEHICLE STUDLIES 1301 -1.800 0.000 BREF 4.4600 IN,
(871047) MSFC TWT 544 LAUNCH VEHICLE STUDLES 750181 -1.500 75.000 0.000 0.000 XMRP 3.3600 IN,
YMRP 0.0000 IN.
ZMRP G.2480 IN.
SCALE 0,0040 SCALE

MACH .80 . PAGE 74



CGNFIGUR{\TIUN BUILD-UP CLONGITUDINAL CHARACTERISTICS) (ALTERNATE HO TANK]
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